Actinomycin D (AMD) has been employed as a specific inhibitor of cellular RNA synthesis,1 2 but there is evidence that AMID may also affect cells in ways unrelated to its interference with DNA-dependent RNA synthesis.3-7 We have observed two remarkable effects of actinomycin on cell cultures, namely, a marked increase in the amount of mitochondria (chondriome) per cell and the formation of giant cells in some types of growing cell cultures.
When monolayer cultures of HeLa cells are exposed to 0.1 j.1g of AMID per 105 cells for 4-8 hours, then washed with balanced salt solution and replaced in drugfree media, about 80 per cent of the initial cell population is killed within 24 hours. In contrast, A-ID in the same dosage causes virtually no mortality in stationary phase cultures of primary human amnion cells in contact inhibition. In the surviving cells of both HeLa and primary amnion cultures, RNA synthesis per cell measured 24 hours after the beginning of treatment declines to less than 10 per cent of initial control values, while protein synthesis per cell is then only 20 per cent (in amnion cells) and 50 per cent (in HeLa cells) of the initial control values. (Synthetic capacity was determined by liquid scintillation counting of replicate numbers of cells extracted with cold trichloracetic acid that had been previously exposed to a pulse of tritiated uridine or of C14-labeled amino acid mixture.)
The chondriome of AMNID-treated HeLa cells begins to increase within the first 12 hours, and by 24 hours the mitochondria have attained remarkable lengths (Fig. 1) . In some cells these long mitochondria are disposed in what appears to be anastamosing networks. The mitochondria of AMD-treated cells are demonstrable in living cells with the phase-contrast microscope, by conventional staining methods (e.g., osmication, Regaud's iron hematoxylin), and by the histochemical techniques for adenosine triphosphatase8 I and succinic dehydrogenase. 10 To assess the extent of the increase in chondriome, the total length of filamentous mitochondria per cell was summated using a map measure on phase-contrast photomicrographs of osmium-fixed cells at X 1000 magnification. Area measurements were determined by planimetry of photomicrographs of monolayer cultures taken at X 600 magnification. Each figure is the average of 10 measurements. Standard errors are given. Interferometric measurements for dry mass were performed within 2 hr after trypsinizing and resuspending the cells in Eagle's spinner medium. Each figure is the average of 30 measurements. Actinomycin treatment was for 6 hr with 0.1 pg AMD/10' cells.
increased concentration of mitochondria (volume of chondriome per volume cytoplasm) in both cell types.
A possible mechanism to explain this unbalanced growth of mitochondria occurring after actinomycin treatment might lie in the preferential inhibition of those species of message RNA that normally, directly or indirectly, might act to repress mitochondrial growth. Cytoplasmic protein synthesis might continue dependent on the presence of persisting functional message RNA. The possibility that AMD is not bound to as great an extent by mitochondrial DNA as it is to nuclear DNA must also be considered, as well as other hypotheses based on a possible interference by AMD with energy metabolism and on the synthesis of ATP14 with consequent mitochondrial hyperplasia, similar to that reported after treatment with dinitrophenol.15 1\'Iitochondrial networks (junction formation) have been previously observed in cells maintained anaerobically. 16 Marked increase of cell size leading to the formation of giant cells is known to occur after ionizing radiation or treatment with radiomimetic agents."7-9 Radiation-induced giant cells differ in important respects from those observed after actinomycin, for, unlike actinomycin, radiation permits continued synthesis of RNA and protein.18 Irradiated cells are reportedly blocked in the postsynthetic (G2) phase of the cell cycle,20 and cell enlargement is interpreted as due to continued growth of both nucleus and cytoplasm, while division is inhibited.'7-20 Radiation is also known to be capable of injuring cytoplasmic components including mitochondria. 21 We have found that radiation-induced giant cells do not exhibit increases in concentration of mitochondria nor do they have mitochondrial networks, except in rare instances.
Summary.-Moderate doses of aetinomycin induce unbalanced cytoplasmic growth of surviving cells as nuclear function becomes inhibited. In HeLa cells, in. which a general cytoplasmic enlargement ensues, mitochondrial growth at first is disproportionately greater than that of the rest of the cytoplasmic mass. In
